Materials and instrumentation
All chemicals were commercial and used without further purification. Palladium chloride (PdCl 2 , 99.9%, Kishida Chemical Co. Ltd), chromic nitrate nonahydrate (Cr(NO 3 ) 3 ·9H 2 O 99%, Sigma-Aldrich), terephthalic acid (HOOCC 6 H 4 COOH 99%, Tri Chemical Laboratories Inc.), vanillin (C 8 H 8 O 3 , >98.0%), aqueous hydrochloric acid (HCl, >35.0%), aqueous hydrofluoric acid (HF 46%, Kishida Chemical Co. Ltd) and n-hexane (Sigma-Aldrich) were used as received. Ultrapure water was used for sample preparation and catalytic reactions.
Powder X-ray diffraction (XRD) was performed on a Rigaku Ultima IV X-ray diffractometer with Cu Kα source (40 kV, 40 mA). The surface area measurements were performed with N 2 sorption isotherms at liquid nitrogen temperature (77 K) using automatic volumetric adsorption equipment (Belsorp max) after activation under vacuum at 150 o C for overnight. The pore volume was calculated by a single point method at P/P 0 = 0.99. X-ray photoelectron spectrometry (XPS) analyses were carried out on a Shimadzu ESCA-3400 X-ray photoelectron spectrometer using an Mg Kα source (10 kV, 10 mA). Scanning transmission electron microscopy (STEM), transmission electron microscopy (TEM) images and energy-dispersive X-ray (EDX) spectra were recorded on Tecnai G 2 F20 (FEI) with operating voltages of 200 or 120 kV quipped with energy-dispersive Xray detector. High resolution STEM images, showing lattice fringes of Pd for Pd@MIL-101, were performed on Titan3 G2 60-300 (FEI) with operating voltage of 300 kV. Tomographic experiments were performed on TECNAI G 2 F20 equipped with a −59.6° to +59.6° tomography tilt stage and holder operated at 120 kV to minimize the beam damage with punctual resolution ~0.27 nm. Images for tomographic reconstruction were taken using a 2° interval over the largest possible angle (preferably 100°). A reference image taken at 0° tilt was taken before and after image acquisition to ensure no changes in the sample structure due to beam damage during acquisition. Tomographic reconstruction was performed using the INSPECT 3D software package. 
Synthesis of H 2 PdCl 4
A solution of tetrachloropalladinic acid (H 2 PdCl 4 ) was prepared by mixing 500 mg of PdCl 2 into 20 mL of 10% 
